The Visible Human Slice Server (http://visiblehuman.epfl.c/i) started offering its slicing services at the end of June 1998. From that date until the end of May, more than 280O0 slices were extracted from the Visible Man, by laymen interested in anatomy, by students and by specialists. The Slice Server is based one B i-Pentium PC and 16 disks. It is a scaled down version of a powerful parallel server comprising 5 Bi-Pentium Pro PCs and 60 disks. The parallel server program was created thanks to a computer-aided parallelization framework, which takes over the task of creating a multi-threaded pipelined parallel program from a high-level parallel program description. On the full blown architecture, the parallel program enables the extraction and resampling of up to S colour slices per second. Extracting 5 slices/s requires to access the disks and extract suhvolumes of the Visible Human at an aggregate throughput of 105 MB/s. The publicly accessible server enables to extract slices having any orientation. The slice position and orientation can either be specified for each slice separatly or as a position and orientation relative to a previous slice. This contribution gives a first assessment of the slice access capabilities offered by a Java applet and possible future improvements. In the very near future, the Web Slice Server will offer additional services, such as the possibility to extract ruled surfaces and to extract animations incorporating slices perpendicular to a user defined trajectory.
ARCHITECTURE OF THE SERVER
Visualization of 3D tomographic images by slicing, i.e. by intersecting a 3D tomographic image with a plane having any desired position and orientation is a tool of choice both for learning and for diagnosis purposes.
A Visible Human Slice Server has been developed, which offers to any Web client the capability of interactively specifying the exact position and orientation of a desired slice ( Fig. 1 ) and of requesting and obtaining that slice from a 3D tomographic volume, made of either CT, MRI or cryosection images (digital color photographs of cross-sections). For interactive slice position and orientation, a miniature 3D version of the full ir''e is ud. Accessing and extracting slices from the 3D Visible Human volume1 (Visible Man or Woman) requires large storage space (around 13 GB) and high processing power. The Visible Human Slice Web server runs on a scaled down version of a parallel architecture comprising 5 Bi-Pentium Pro PCs with 60 disks and a client PC. The PCs are interconnected through a Fast Ethernet switch (Fig. 3) .
The Visible Human volume is segmented into volumic extents of size 32x32x17 (5 1KB for colour) which are striped over up to 60 disks residing on up to 5 different PC's (full-blown architecture). The Visible Human slice server application consists in translating a slice access request into pipelined parallel sub-volume access and slice part extractionlresampling requests (see Fig. 2 ). The retrieved resampled slice parts are then merged into the final slice, which is compressed by the Web server and sent to the Web client.
The parallel slice server application was synthesized thanks to the CAP parallelization tool and to the parallel file system components which enable building pipelined-parallel applications combining high-performance computing and I/O intensive operations2. The parallel slice server application consists of a server interface residing on the client PC (or on the Web Server PC) and of server processes running on the server's parallel PCs. The server interface interprets the slice location and orientation parameters defined by the user and determines the image sub-volumes (extents) which need to be accessed. It sends to the concerned servers (servers whose disks contain the required extents) the extent reading and image slice extraction requests. These servers execute the requests and transfer the resulting slice parts to the server interface, which asssembles them into the final displayable image slice (see Fig. 3 ). The parallel slice server application is described by the diagram shown in Figure 4 The server's performance has been tested when striping the Visible Human (male dataset) onto 1 to 5 Bi-Pentium Pro PC's and onto 1 to 12 disks per PC (max. 60 disks). Fig. 5 shows the number of extracted 512x512 colour slices per second for various configurations. Each slice access request requires approximatively 437 extent (sub-volume) access requests (22 MBytes). For all the server configurations, disk I/Obandwidth is always the bottleneck (effective single disk throughput for 5 1KB blocks: 1 .88 MBytes/s). With 4.8 image slices/s, the server interface PC is able to receive from the Fast Ethernet 7.8 MBytes/s of image slice data. These performances are close to the performances offered by the underlying hardware, operating system (Windows NT) and network (TCP/IP over Fast Ethernet).
The scaled down architecture offering its slice extraction services on the Web comprises a single Bi-Pentium II and 16 disks. It runs all the system's functions: Web server, server interface, extent server and compute server (Fig. 4) . This server is dedicated to the service of Web requests and offers an access throughput of approximatively one slice per second.
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Number of disks per server PC The access statistics also show that the Visible Human Slice Server is sometimes used for teaching purposes: in autumn 1998, approximately ten PCs from the same sub-network were extracting hundreds of slices simultanously on Fridays, between 7h00 and 9h00.
User interface
The interface for specifying the slice parameters, i.e. the slice center and the slice orientation comprises a mouse driven interactive mode (definition of slice center and orientation on a miniature view), an absolute mode and a relative mode.
In the mouse driven interactive mode, the user may move the center of the slice according to the currently active axis x, y or z. He may change the orientation of the slice by moving the mouse. A horizontal mouse displacement within the 3D miniature image window varies the position of the slice normal vector extremity along a horizontal circle (circle located parallel to the xy plane). A vertical mouse displacement varies the position of the slice normal vector extremity along a vertical circle (located parallel to the yz plane). By successive combinations of horizontal and vertical mouse displacements, one may orient the normal vector as desired.
The absolute mode (Figure 6 ) is useful for specifying in the Visible Human's coordinate system the coordinates of the slice center and an absolute slice orientation, expressed as the orientation of the normal vector (Ax, Ay, Az or 0, ii!). Absolute coordinates and orientations can he saved. If the same coordinates are again entered, exactly the same slice will be extracted. The main comment made by specialists in anatomy is to increase the resolution of the miniature image in order to have more information about the exact location and orientation of the slice to be extracted. Vbk, HLr SwcV*i. The relative mode is the most useful mode for students and specialists in anatomy: on a previously extracted slice, the user may specify a new center and a rotation axis (Fig. 7) . By displacing the center, he may obtain a slice in the same plane as the previous slice, but translated. By specifying an explicit rotation angle or simply a perpendicular slice, he may get a slice whose orientation is relative to the orientation of the previous slice. Furthermore, he may specify a translation along the normal of the current slice, i.e. ask for a parallel slice at a certain distance from the current slice.
CONCLUSIONS
The success of the Visible Human Slice Web Server exceeds our expectations. It attracts people from various backgrounds and specialities. In particular, it provides valuable services as an educational and research tool. Feedback from users is enthusiastic (see annex). We are currently developing additional services in order to allow users to also extract ruled surfaces from the human body. Furthermore, we intend to offer users the possibility of specifying a path within the human body and to extract all slices perpendicular to the trajectory in order to generate an animation. Such an animation will give users a means of exploring parts of the human body in 3 dimensions. am a medical student and I think this is the most fascinating way to learn the anatomy of the human body. It's also a great interface you are using to create your own slices. I hope all anatomy classes in the future will be supported by this kind of computer programs. Michiel 
